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6\VWHPWKLQNLQJFRQFHSWVDQGVLPXODWLRQWRROVDUHXVHGWRPRGHOWKHULVNSUHYHQWLRQSODQDQGRSHUDWLRQDOPRGHVGHVLJQHGWRHQIRUFH
VDIHW\FRQVWUDLQWVDWD)UHQFKOLTXHILHGSHWUROHXPJDV/3*VWRUDJHDQGGLVWULEXWLRQIDFLOLW\,Q)UDQFHVXFKIDFLOLWLHVDUHFODVVLILHG
DQGWKHVXEMHFWRIVSHFLDOOHJLVODWLRQDQGVDIHW\UHJXODWLRQV7KHLUVXSHUYLVLRQLVWKHUHVSRQVLELOLW\RIDFRQWURODQGUHJXODWRU\ERG\
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FRQWUROPHDVXUHVDUHOLVWHGLQWKHVDIHW\UHSRUW6DIHW\LVWKHUHIRUHDGGUHVVHGWKURXJKUXOHVDQGFRQWUROPHFKDQLVPVHQVXUHWKDWWKH
V\VWHPFRPSOLHVZLWKVDIHW\FRQVWUDLQWV7DNLQJWKLVIDFLOLW\DVDFDVHVWXG\ZHXVHWKH67$03WKHRUHWLFDOIUDPHZRUNWRJHWKHU
ZLWK$Q\/RJLFVLPXODWLRQVRIWZDUHWRPRGHOWHFKQLFDOHOHPHQWVDQGKXPDQDQGRUJDQL]DWLRQDOEHKDYLRU:HVLPXODWHKRZWKH
V\VWHP HYROYHV RYHU WLPH DQG WKH VWUDWHJLHV WKDW DUH GHSOR\HG LQ D ORVV RI FRQWURO VFHQDULR7KH DLP LV WR DVVHVVZKHWKHU WKH
SUHVFULEHGVDIHW\SURJUDPFRYHUVDOORIWKHV\VWHP¶VSKDVHVQDPHO\RSHUDWLRQVDQGDXGLWV7KHUHVXOWVHQULFKRWKHUUHVHDUFKWKDW
IRFXVHVRQWKHFRQWULEXWLRQRIV\VWHPG\QDPLFVWRULVNDQDO\VLVDQGDFFLGHQWSUHYHQWLRQ
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,QWURGXFWLRQ
,QGXVWULDOIDFLOLWLHVDUHFODVVLILHGDFFRUGLQJWRWKHKD]DUGRUQXLVDQFHWKDWPD\UHVXOWIURPWKHLUDFWLYLWLHV7KHVH
FODVVLILFDWLRQV DUH UHJXODUO\ UHYLHZHG DQG XSGDWHG 7KH 6HYHVR GLVDVWHU WKDW RFFXUUHG LQ ,WDO\ LQ  ZDV D
GHWHUPLQLQJIDFWRUWKDWSXVKHG(XURSHDQVWDWHVWRDGRSWDFRPPRQSROLF\IRUWKHSUHYHQWLRQRIPDMRULQGXVWULDOULVNV
DQGDFFLGHQWV6XEVHTXHQWO\WKHVHFWRUQRWLFHGPXOWLSOHLQWHUQDWLRQDODJUHHPHQWVGLUHFWLYHVVWDQGDUGSURFHGXUHVDQG
UHJXODWLRQVIRUWKHSURWHFWLRQRIWKHHQYLURQPHQWDQGKXPDQKHDOWK6LQFHWKH6HYHVR'LUHFWLYHKDVSURYLGHG
WKHIUDPHZRUNIRU(XURSHDQOHJLVODWLRQWKDWDLPVWRSUHYHQWPDMRURQVKRUHDFFLGHQWVLQYROYLQJGDQJHURXVVXEVWDQFHV
DQG OLPLW WKHLUKDUPIXOFRQVHTXHQFHVIRUKXPDQNLQGDQG WKHHQYLURQPHQW³6HYHVRHVWDEOLVKPHQWV´DUHVXEMHFW WR
LQVSHFWLRQVE\UHJXODWRU\DQGFRQWURODXWKRULWLHV(XURSHDQPHPEHUVWDWHVKDYHDGRSWHGWKH6HYHVRJXLGHOLQHVLQWR
WKHLUODZVUHJXODWLRQVDQGGHFUHHVDWQDWLRQDOOHYHODQGUHJXODWHGIDFLOLWLHVDUHFODVVLILHGLQWRYDULRXVWLHUV7KH)UHQFK
UHJLPHLVFRQVLVWHQWZLWKWKH6HYHVRGLUHFWLYHVDQGUHTXLUHPHQWV>@
&ODVVLILHGLQVWDOODWLRQVInstallation Classée Pour la Protection de l’EnvironnementDUHVXEMHFWWRHQYLURQPHQWDO
SURWHFWLRQPRQLWRULQJDQGDXWKRUL]DWLRQWRRSHUDWHLVJLYHQVXEMHFWWRDGHPRQVWUDWLRQRISXEOLFXWLOLW\autorisation 
avec servitude d’utilité publique,QVWDOODWLRQVVXFKDVUHILQHULHVFKHPLFDOIDFLOLWLHVDQGOLTXLGSHWUROHXPJDV/3*
VWRUDJHVLWHVDUHµXSSHUWLHU¶WKH6HYHVRHVWDEOLVKPHQWVDQGVDIHW\VWXGLHVDUHPDQGDWRU\7KHVHKLJKULVNLQVWDOODWLRQV
IDOOXQGHUWKHUHPLWRIWKH)UHQFKODZRQWKH3UHYHQWLRQRI7HFKQRORJLFDODQG1DWXUDO5LVNVDQG&RPSHQVDWLRQ>@
WKDWSURYLGHVIRUWKHSUHSDUDWLRQRID7HFKQRORJLFDO5LVNV3UHYHQWLRQ3ODQ75337KHPDLQREMHFWLYHRID7533LV
WRSURWHFW WKHQHLJKERULQJSRSXODWLRQ DJDLQVW DQ\ WHFKQRORJLFDOKD]DUGV UHVXOWLQJ IURP WKHSODQW%\ ODZ LWPXVW
FRPSULVHD]RQLQJSODQWKDWGHOLQHDWHVUHJXODWHGDUHDVWKHUHJXODWLRQVWREHDSSOLHGWRHDFKDUHDDQGDUHSRUWWKDW
H[SODLQV WKH]RQLQJDQGDQ\FRQWUROV WREHHQIRUFHG7KLVSDSHUSUHVHQWVDFDVHVWXG\RIDQ/3*VWRUDJHSODQW LQ
)UDQFH 7KH DSSURDFK LV EDVHG RQ WKH 6\VWHP7KHRUHWLF$FFLGHQW0RGHO DQG 3URFHVVHV 67$03PRGHO WKDW LV
LQWHJUDWHGLQWRWKHVLPXODWLRQWRRO$Q\/RJLF7KHWRROLVXVHGWRG\QDPLFDOO\VLPXODWHFRQWURODFWLRQVDQGGLUHFWLYHV
SUHVFULEHGLQWKHRIILFLDOVDIHW\UHSRUWLQWHQGHGWRVHFXUHURXWLQHRSHUDWLRQVDQGDFWLYLWLHV
1.1. Accidents related to LPG exploitation 
7KHSULQFLSDOKD]DUGVDUHGLUHFWO\UHODWHGWRWKHSUHVHQFHRI/3*ZKLFKLVH[WUHPHO\IODPPDEOH/3*LVVWRUHGLQ
OLTXLGIRUPDWDPELHQWWHPSHUDWXUHDQGLQSUHVVXUL]HGUHVHUYRLUV'DLO\DFWLYLWLHVDVVRFLDWHGZLWK/3*VWRUDJHFRQFHUQ
ORDGLQJDQGXQORDGLQJIURPPRELOHUDLODQGURDGWDQNVDQGLWVWUDQVSRUWDWLRQWKURXJKSLSHOLQHV>@
7KHIODPPDEOHH[SORVLYHUDQJHUHIHUVWRWKHFRQFHQWUDWLRQRIDJDVRUYDSRUWKDWZLOOEXUQRUH[SORGHLIDQLJQLWLRQ
VRXUFHLVLQWURGXFHG7KHORZHUSHUFHQWDJHIRU/3*LVLHJPFRQFHQWUDWLRQDQGZKLOHWKHXSSHUOLPLW
LVJPFRQFHQWUDWLRQ2QHRIWKHPRVWGHYDVWDWLQJDFFLGHQWVWKDWFDQRFFXUZLWK/3*VXEVWDQFHVLVWKH
ERLOLQJOLTXLGH[SDQGLQJYDSRUH[SORVLRQ%/(9(ZKLFKFUHDWHVDKLJKO\GHVWUXFWLYHEODVWZDYH,QPRVWVLWXDWLRQV
LWLVDFFRPSDQLHGE\DILUHEDOODWR[LFFORXGRIJDVDQGGHEULV>@7KH0DMRU$FFLGHQW5HSRUWLQJ6\VWHPH0$56
LVDGDWDEDVHRIPDMRULQGXVWULDODFFLGHQWVDQGZDVHVWDEOLVKHGXQGHUWKH6HYHVR'LUHFWLYH((&LQ7KH
SXUSRVHRIWKHH0$56GDWDEDVHLVWRVKDUHH[SHULHQFHRIDFFLGHQWVDQGQHDUPLVVHVLQYROYLQJGDQJHURXVVXEVWDQFHV
LQRUGHUWRLPSURYHFKHPLFDODFFLGHQWSUHYHQWLRQDQGPLWLJDWHSRWHQWLDOFRQVHTXHQFHV0DQ\DXWKRUVKDYHDQDO\]HG
WKHFRQWHQWVRIWKH0$56GDWDEDVHLQUHODWLRQWRPDMRUDFFLGHQWVVXEVWDQFHVXVHGLQWKHSHWURFKHPLFDOLQGXVWU\DQG
/3* LQSDUWLFXODU >@7KHDQDO\VLVRIGRPLQRHIIHFWDFFLGHQWVFRQFOXGHG WKDW/3*ZDV WKHPRVW IUHTXHQW
FXOSULW>@
6LPLODUO\WKH$QDO\VLV5HVHDUFKDQG,QIRUPDWLRQRQ$FFLGHQWV$5,$GDWDEDVHRSHUDWHGE\WKH)UHQFK0LQLVWU\
RI(FRORJ\6XVWDLQDEOH'HYHORSPHQWDQG(QHUJ\OLVWVDFFLGHQWVWKDWFRXOGKDYHDIIHFWHGSXEOLFKHDOWKRUVDIHW\
DJULFXOWXUHQDWXUHRUWKHHQYLURQPHQW7KHSULQFLSDOFDXVHRIWKHVHHYHQWVDUHLQGXVWULDORUDJULFXOWXUDOIDFLOLWLHVWKDW
KDYHEHHQFODVVLILHGDVKD]DUGRXV$VHFRQGDU\FDXVHLVWKHWUDQVSRUWDWLRQRIKD]DUGRXVVXEVWDQFHVIROORZHGE\RWKHU
UHOHYDQWHYHQWV7RJHWKHUWKHVHGDWDEDVHVOLVWRYHUDFFLGHQWVDQGLQFLGHQWVRIZKLFKDERXWRFFXUUHGLQ
)UDQFH$FFLGHQWV LQRWKHUFRXQWULHVDUH LQFOXGHGHLWKHUEHFDXVHRI WKHVHULRXVQHVVRI WKHLUFRQVHTXHQFHVRU WKHLU
YDOXHLQWHUPVRIIHHGEDFNIURPH[SHULHQFH7KH$5,$GDWDEDVHOLVWVDFFLGHQWVLQ)UDQFHOLQNHGWR/3*
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7KHFDVHVWXG\
7KHFDVHVWXG\IRFXVHVRQDQLQGXVWULDO/3*VWRUDJHDQGGLVWULEXWLRQVLWHLQ)UDQFHFRYHULQJDQDUHDRIP
7KHVLWH¶VPDLQDFWLYLW\LVWRVWRUH/3*LQDQXQGHUJURXQGUHVHUYRLUZLWKDFDSDFLW\RIP/3*LVVXSSOLHGWRWKH
VLWHE\URDGRUUDLOLQWDQNVZLWKDVWRUDJHFDSDFLW\RIWRQVZKLFKDUHXQORDGHGLQWRWKHXQGHUJURXQGUHVHUYRLU7KH
/3*LQWKHUHVHUYRLULVORDGHGLQWRVPDOO±WRQV¶WDQNVWRVXSSO\KRXVHKROGVWKDWDUHQRWFRQQHFWHGWRWKHQDWLRQDO
QHWZRUN7KHVLWHFDUULHVRXWORDGLQJRSHUDWLRQVLH/3*LVORDGHGLQWRVPDOOWDQNVDQG±XQORDGLQJRSHUDWLRQV
SHU GD\ LH /3* LV WUDQVIHUUHG IURP ODUJH WDQNV LQWR WKH UHVHUYRLU 7KH SODQW LV D W\SLFDO KLJKULVN LQGXVWULDO
LQVWDOODWLRQRSHUDWLRQDODFFLGHQWVPD\OHDGWRGDQJHURXVVLWXDWLRQVHJH[SORVLRQILUHRUFORXGVRIWR[LFJDVZKRVH
FRQVHTXHQFHVPD\H[WHQGEH\RQGWKHVLWHERXQGDU\7KHORFDOSRSXODWLRQPD\EHDGYHUVHO\DIIHFWHGLQWKUHHZD\V
ILUVW FORXGVRI WR[LFJDVPD\EH LQKDOHG VHFRQG WKHFRPEXVWLRQRI LQIODPPDEOH VXEVWDQFHVPD\EXUQSHRSOHRU
GHVWUR\EXLOGLQJVDQGWKLUGDQH[SORVLRQPD\JHQHUDWHRYHUSUHVVXUHVWKDWLQMXUHWKHH[SRVHGSRSXODWLRQ,QWKHQH[W
VHFWLRQZHRXWOLQHWKHGDWDEDVHVRIWHFKQRORJLFDODFFLGHQWVDWWKH6HYHVRHVWDEOLVKPHQWV7KHQZHH[SODLQWKHOHJDO
FRQWH[WDQGWKHVRFLRWHFKQLFDOV\VWHPWKDWLVUHVSRQVLEOHIRUWKHRSHUDWLRQDQGVXSHUYLVLRQRIWKHSODQW)LQDOO\ZH
SURYLGHDEULHIGHVFULSWLRQRIWKHIDFLOLW\DQGLWVWHFKQLFDOHTXLSPHQW
2.1. Legal and industrial context 
,QWKHLQVWDOODWLRQDQGWKHRSHUDWRU¶VVDIHW\UHSRUWZDVVXEMHFWWRLQVSHFWLRQ$VDUHVXOWWKHRSHUDWRUZDV
LQVWUXFWHGWRLPSOHPHQWDGGLWLRQDOPDQGDWRU\ULVNFRQWUROPHDVXUHVLQRUGHUWRSURWHFWWKHSRSXODWLRQDQGUHGXFHWKH
LPSDFWRIDQXQFRQWUROOHGKDUPIXOVFHQDULR7KH\ZHUHUHTXLUHGWRSUHSDUHD7533ZLWKWKHREMHFWLYHVRIOLPLWLQJ
IXWXUHXUEDQL]DWLRQDURXQGWKHVLWHVWUHQJWKHQLQJWKHSURWHFWLRQRIIHUHGE\WKHH[LVWLQJLQIUDVWUXFWXUHDQGOLPLWLQJ
DQ\KDUPIXOLPSDFWV+RZHYHUWKHFRPSDQ\GHFLGHGWKDWWKHLPSOHPHQWDWLRQRIWKHSUHVFULEHGPHDVXUHVZDVQRWFRVW
HIIHFWLYHDQGH[SHUWVZHUHWDVNHGZLWKILQGLQJH[HPSWLRQVWKDWZRXOGDYRLGWKHLUDSSOLFDWLRQ7KHVROXWLRQWKH\IRXQG
ZDVWRUHFODVVLI\WKHVLWHIURPWKH³$6´WRWKH³$´UHJLPH7KLVPHDQWWKDWWKHDXWKRUL]HGTXDQWLW\RI/3*KHOGE\
WKH VLWHZDV OLPLWHG WR± WRQV ,QRUGHU WR DFKLHYH WKLV FKDQJH LQ VWDWXV WKHFRPSDQ\KDG WRRSWLPL]H/3*
XQORDGLQJE\LPSURYLQJWKHPDQDJHPHQWRIWUXFNVHQWHULQJDQGOHDYLQJWKHVLWHEDVHGRQDQHHGVDVVHVVPHQW,WDOVR
KDGWRGHFUHDVHWKHVWRUDJHFDSDFLW\RIWKHUHVHUYRLU&DOFXODWLRQVVKRZHGWKDWDGHFUHDVHLQFDSDFLW\ZKLFKZRXOG
DOORZWKHFRPSDQ\WRFKDQJHUHJLPHFRXOGEHDFKLHYHGZLWKRXWDIIHFWLQJDFWLYLW\OHYHOVORDGV±XQORDGVGD\
*LYHQWKHVHUHDOOLIHFRQVWUDLQWVRXUPRGHOVDQGVLPXODWLRQVKDGWRHQVXUHWKDWWKHOHYHORIDFWLYLW\GLGQRWFKDQJH
DQG WKDW WKH DPRXQW RI GDQJHURXV VXEVWDQFHV VWRUHG RQVLWH GLG QRW H[FHHG  WRQV2XU FRPSUHKHQVLYHPRGHO
WKHUHIRUH LQFOXGHG WKH HOHPHQWV DQG SDUDPHWHUV IRXQG LQ D UHDOOLIH ULVN SUHYHQWLRQ DQDO\VLV PDLQWHQDQFH
LQWHUYHQWLRQVHTXLSPHQWXVHZHDUDQGWHDUHWF
2.2. The sociotechnical control system  
7KH VRFLRWHFKQLFDO FRQWURO VWUXFWXUH LQFOXGHG WKH )UHQFK 0LQLVWHU RI WKH (QYLURQPHQW XUEDQ LQGXVWULDO DQG
HQYLURQPHQWDO RUJDQL]DWLRQV SXEOLF KHDOWK LQVSHFWLRQ DQG SURWHFWLRQ DXWKRULWLHV DQG UHJXODWRU\ ERGLHV 0RUH
VSHFLILFDOO\WKHDFWRUVLQYROYHGLQWKHDSSOLFDWLRQRIWKHSUHVFULEHG7533PHDVXUHVLQFOXGHGWKH)UHQFKJRYHUQPHQW
WKURXJKLWVORFDOUHSUHVHQWDWLYHVSHFLDOLVWVHUYLFHVUHSUHVHQWHGE\FODVVLILHGLQVWDOODWLRQLQVSHFWRUVWKHGHSDUWPHQWDO
GLUHFWRUDWHUHVSRQVLEOHIRUSXEOLFZRUNVORFDODXWKRULWLHVUHSUHVHQWHGE\HOHFWHGRIILFLDOVDQGWHFKQLFDOVHUYLFHVWKH
RSHUDWRU WKH ORFDO FRRUGLQDWLRQ FRPPLWWHH DQG RWKHU ORFDO DFWRUV VXFK DV DVVRFLDWLRQV ,Q )UDQFH WKH 5HJLRQDO
'LUHFWRUDWHRI(QYLURQPHQW3ODQQLQJDQG+RXVLQJ'5($/KROGUHVSRQVLELOLW\IRUHQVXULQJWKDWVDIHW\GLUHFWLYHV
DUHHQIRUFHG5LVNVPXVWEHUHGXFHGDWVRXUFHZKLFKLQYROYHVLGHQWLI\LQJDOOGDQJHURXVSKHQRPHQDDQGLPSOHPHQWLQJ
DOOQHFHVVDU\VDIHW\PHDVXUHV(PHUJHQF\SODQVPXVWEHLQSODFHWKDWSURWHFWDQGDVVLVWWKHSRSXODWLRQDQGWKH\PXVW
EHWHVWHGRQDUHJXODUEDVLVWRHQVXUHWKHLUHIIHFWLYHQHVV,QIRUPDWLRQPXVWEHSURYLGHGWRWKHSXEOLFRQSRWHQWLDOULVNV
DQG WKH SURFHGXUHV WR EH IROORZHG LQ WKH HYHQW RI DQ DOHUW )LQDOO\ PHDVXUHV VXFK DV VWULFW FRQWUROV RQ XUEDQ
GHYHORSPHQWDURXQGVLWHVPXVWEHLPSOHPHQWHG
86   Dahlia Oueidat et al. /  Procedia Engineering  128 ( 2015 )  83 – 92 
2.3. The facility 
7KLVVHFWLRQGHVFULEHVWKHORJLVWLFVDQGGHVLJQRIWKH/3*VWRUDJHDQGGLVWULEXWLRQIDFLOLW\7KHLQVWDOODWLRQFRQVLVWV
RIDQXQGHUJURXQGUHVHUYRLUZLWKDVWRUDJHFDSDFLW\RIP,WLVVXSSOLHGE\WDQNVORDGHGRQWRWUXFNVWKDWDFFHVV
WKUHHVHOIVHUYLFHVWDWLRQVVXSHUYLVHGE\DQDWWHQGDQW7ZRVWDWLRQVDUHGHGLFDWHGWRORDGLQJRSHUDWLRQVDQGHDFKLV
HTXLSSHGZLWKDQ/3*WUDQVIHUDUPZLWKDWZRLQFKHV¶GLDPHWHU7KHWKLUGVWDWLRQKDQGOHVERWKORDGLQJDQGXQORDGLQJ
RSHUDWLRQVDQGLVHTXLSSHGZLWKDQ/3*WUDQVIHUDUPDQGDJDVWUDQVIHUDUPERWKWZRLQFKHVLQGLDPHWHU
/3*LVWUDQVIHUUHGYLDWZRSXPSVHDFKZLWKDIORZUDWHRIPKRXUDQGDFRPSUHVVRUZLWKDIORZUDWHRI
PKRXU7KH VWDWLRQ LV HTXLSSHGZLWK D VHFRQG FRPSUHVVRU GHVLJQHG IRU SXUJLQJ7KH IDFLOLW\ LQFOXGHV GHWHFWRUV
FRXSOHGWRDQDODUPDSURWHFWLRQV\VWHPDQGGHGLFDWHGILUHILJKWLQJV\VWHPV7KHVLWHLVDOVRHTXLSSHGZLWKJDV
DQGIODPHGHWHFWRUVGLVWULEXWHGWKURXJKRXWWKHLQVWDOODWLRQ)LJ)HHGEDFNIURPWKHVHGHWHFWRUVLVSURFHVVHGE\
RQHRUPRUH FHQWUDOL]HG V\VWHPV0RWRUL]HG YDOYHV DUH LQVWDOOHG RQ WKH SLSHOLQH LQIUDVWUXFWXUH DQG FRXSOHG WR DQ
LQWHUORFN V\VWHP WKDW SURYLGHV DGGLWLRQDO VDIHW\ PHDVXUHV 7KLV V\VWHP FRQVLVWV RI D GHDFWLYDWLQJ SXPS DQG
FRPSUHVVRUVDQGYDOYHVDXWRPDWLFDOO\ZKLFKFORVHZKHQKHDWJDVRUIODPHVDUHGHWHFWHG
,QRUGHUWRSURWHFWWUXFNGULYHUVWKHVWDWLRQLVHTXLSSHGZLWKDGHYLFHWKDWUHTXLUHVIURPWKHGULYHUWRSUHVVDEXWWRQ
HYHU\VHFRQGVGXULQJWKHWLPHDOORFDWHGIRUORDGLQJDSSUR[LPDWHO\±PLQXWHVRUXQORDGLQJDSSUR[LPDWHO\
±PLQXWHV,I WKHRSHUDWRUGRHVQRWSUHVV WKHEXWWRQDQDODUPVRXQGVVHFRQGV ODWHUDQG WKH/3*WUDQVIHU
RSHUDWLRQVWRSV/RDGLQJRUXQORDGLQJFDQUHVXPHLIWKHEXWWRQLVSUHVVHGDJDLQLQWKHIROORZLQJWKHWZRPLQXWHV
RWKHUZLVHVWHSVDUHWDNHQWRHQVXUHVDIHW\RIKXPDQDQGLQIUDVWUXFWXUHWKHLQWHUYHQWLRQSODQLVODXQFKHGSRZHULV
DXWRPDWLFDOO\FXWRIIDOOYDOYHVDUHFORVHGSXPSVDUHVWRSSHGHWF2WKHUDODUPVDOHUWRSHUDWRUVIRUPDOIXQFWLRQLQJ
RIWKHFHQWUDOILUHDQGJDVGHWHFWLRQV\VWHPXQDXWKRUL]HGHQWU\DQGDFWLYDWLRQRIPRWRUL]HGILUHILJKWLQJSXPSV7KH
FRQWUROURRPRSHUDWRUFDQPDQXDOO\VKXWGRZQWKHV\VWHPLQDQHPHUJHQF\$OOWKHVHDODUPVH[WHQGDFURVVWKHVLWH
3RZHUWRWKHZKROHLQVWDOODWLRQLVFXWRIIZLWKWKHH[FHSWLRQRIGHYLFHVQHHGHGWRVHFXUHWKHSHULPHWHUDQGYDOYHVRQ
VDIHW\GHYLFHVDUHDXWRPDWLFDOO\FORVHG,QWKHHYHQWRIDSRZHUVKXWGRZQWKHFRPSUHVVHGDLUV\VWHPLVSXUJHGWKLV
OHDGVWRWKHFORVXUHRIYDOYHVRQWKHUHVHUYRLUILOOLQJWKHWUDQVIHUOLQHVDQGWUXFNIDFLOLW\ZKLOHILUHILJKWLQJSXPSVDUH
DXWRPDWLFDOO\DFWLYDWHG

)LJ2YHUYLHZVRIWKH/3*SODQW
7KH67$03DSSURDFK
,QRUGHUWRXQGHUVWDQGDQDFFLGHQWSURFHVVLQDWHFKQRORJLFDOV\VWHPLWLVQHFHVVDU\WRWDNHLQWRFRQVLGHUDWLRQWKH
FRPSOH[LW\RIWKHXQGHUO\LQJIHHGEDFNVWUXFWXUH,QKLJKO\FRPSOH[VRFLRWHFKQLFDOV\VWHPVVXFKDVWKRVHHQFRXQWHUHG
LQ WKHSHWUROHXPLQGXVWU\QHZW\SHVRIVDIHW\LVVXHVDQGGLVDVWURXVIDLOXUHPRGHVFDQQRWEHDGGUHVVHGZLWKLQWKH
WUDGLWLRQDODSSURDFKRIDFFLGHQWDQDO\VLV,QGHHGDFFLGHQWDQDO\VLVFDQQRWUHO\VROHO\RQWKHFDXVHHIIHFWDSSURDFK
EXWPXVWDOVRWDNHLQWRDFFRXQWWKHVDIHW\FRQWUROVWUXFWXUHLQDGGLWLRQWRWKHHQIRUFHPHQWRIVDIHW\FRQVWUDLQWVLQWKH
V\VWHP67$03LVDPRGHOGHYHORSHGDWWKH&RPSOH[6\VWHPV5HVHDUFK/DERUDWRU\RIWKH0DVVDFKXVHWWV,QVWLWXWHRI
7HFKQRORJ\E\/HYHVRQ>@7KHEDVLFFRQFHSWV LQ67$03DUHFRQVWUDLQWVFRQWURO ORRSVSURFHVVPRGHOVDQG
OHYHOVRIFRQWURO7KHPRGHOKDVEHHQDSSOLHGWRVHYHUDOVWXGLHVLQWKHRLODQGJDVGRPDLQ>
@7KHVWHSVLQ67$03DUHVHTXHQFHGDVIROORZV
• ,GHQWLI\ULVNVDQGKD]DUGVDWV\VWHPOHYHO
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• (QIRUFHVDIHW\GLUHFWLYHVPHDVXUHVDQGSURFHGXUHVWRDYRLGWKUHDWV
• 0RGHOWKHVWDWLFFRQWUROVWUXFWXUHWRSUHYHQWRUPLWLJDWHWKHWKUHDWV
• $VVLJQFRQVWUDLQWVWRWKHV\VWHPFRPSRQHQWVUHVSRQVLEOHIRULPSOHPHQWLQJWKRVHFRQVWUDLQWV
• 'HILQHWKHFRQWURODFWLRQVIRUWKHFRPSRQHQWVWKDWSUHYHQWRUPLWLJDWHWKHWKUHDWVDQGKD]DUGV
• &DSWXUHWKHEHKDYLRUDOG\QDPLFVZLWK6\VWHP'\QDPLFV0RGHOLQJ
3.1. STAMP applied to LPG distribution and storage facility  
7KHFDVHVWXG\EHJDQZLWKDQHYDOXDWLRQRIWKHSODQW¶VVDIHW\UHSRUW:HLGHQWLILHGSRWHQWLDOKD]DUGVGHVFULEHGWKH
VLWH¶V HQYLURQPHQW DQG LWV H[WHUQDO ERXQGDULHV UHYLHZHG DFFLGHQWV DQG LQFLGHQWV DQG PDGH D SUHOLPLQDU\ ULVN
DVVHVVPHQW RI SRWHQWLDO DFFLGHQWV DQG DVVRFLDWHG KD]DUGV:H DOVR KLJKOLJKWHG KD]DUGV DVVRFLDWHGZLWK WKH VLWH¶V
DFWLYLWLHVDQGWKHSUHYHQWLYHPHDVXUHVLPSOHPHQWHGWRHOLPLQDWHVRXUFHVRIULVNUHODWHGWR/3*PDQLSXODWLRQDQGWKH
SODQW¶VRSHUDWLRQV7KHSXUSRVHRIWKHVHPHDVXUHVZDVWRPLQLPL]HWKHSRWHQWLDOLPSDFWRIDQDFFLGHQWRQSURSHUW\
SHRSOHRUWKHHQYLURQPHQW7KHFDVHVWXG\VRXJKWWRHYDOXDWHWKHFRQWULEXWLRQRI67$03DVDWRROIRUWKHPDQDJHPHQW
RI ORDGLQJ DQGXQORDGLQJRSHUDWLRQV:HPRGHOHG D FRQWURO VWUXFWXUH IRU HDFKRI WKH V\VWHP¶V DFWRUV LQYROYHG LQ
ORDGLQJRUXQORDGLQJRSHUDWLRQV7KHREMHFWLYHZDVWRXQGHUVWDQGWKHLQWHUDFWLRQEHWZHHQV\VWHPFRPSRQHQWVDQG
PDSVWUXFWXUHVUHODWHGWRWKHHQIRUFHPHQWRIVDIHW\GLUHFWLYHV
2XUDLPZDVWRXQGHUVWDQGWKHG\QDPLFEHKDYLRURIDQDJHQWRYHUWLPHE\LPSOHPHQWLQJD67$03EDVHGFRQWURO
PDSSLQJPRGHOLQDVLPXODWLRQWRRO&RQWUROPDSSLQJLQ67$03FRQVLVWVRIUHSUHVHQWLQJFRQWUROUXOHVLHVDIHW\
FRQVWUDLQWVGLUHFWLYHVDQGPHDVXUHVDQGFRQWURODFWLRQVWKDWDUHFRQWLQXDOO\DGMXVWHGDVDUHVXOWRIIHHGEDFNIURPWKH
FRQWUROOHGSURFHVV7RHQIRUFHDFRPPDQGFRQWUROOHUVUHO\RQDSURFHVVPRGHOWKDWUHIOHFWVWKHVWDWXVRIWKHFRQWUROOHG
SURFHVVDQGDFRQWURODOJRULWKP2QVLWHRSHUDWRUVDUHWUDLQHGWRH[HFXWHZULWWHQSURFHGXUHVKRZHYHUWKHVLPXODWLRQ
WRROPDGHLWSRVVLEOHWRLGHQWLI\VFHQDULRVZKHUHWKHZULWWHQJXLGDQFHZDVLQFRQVLVWHQWZLWKUHFRPPHQGHGSUDFWLFH
DQG VDIHW\ GLUHFWLYHV 2SHUDWRUV SHUIRUP VHTXHQFHV RI WDVNV LQ WKH VLPXODWLRQ HQYLURQPHQW IHHGEDFN DERXW WKH
EHKDYLRURIWKHV\VWHPRUDSRWHQWLDOIDLOXUHLVSURYLGHGIROORZLQJDFRQWURODFWLRQ
7KH67$03PRGHOVLPXODWHGORDGLQJDQGXQORDGLQJRSHUDWLRQVDQGIRUHDFKWDVNWKHRSHUDWRUUHFHLYHGIHHGEDFN
RQWKHV\VWHP¶VVWDWXV)RUH[DPSOHLIWKH\GLGQRWH[HFXWHWKHFRPPDQGZLWKLQWKHWLPHDOORFDWHGIRUWKHWDVNWKHQ
WKHFRQWUROVHTXHQFHLQGLFDWHGWKDWWKHSURFHVVZDVQRWFRPSOHWHGZLWKLQWKHVFKHGXOHGWLPH,QWKHPRGHORSHUDWRUV
FDQRSWLPL]HWKHLUSHUIRUPDQFHRYHUWLPHWRPHHWDYDULHW\RIJRDOV$VWLPHSUHVVXUHLQFUHDVHVWKH\WU\WREHFRPH
PRUHHIILFLHQWDQGSURGXFWLYHDQGGHYLDWLRQVIURPVSHFLILHGWDVNVRUSUHVFULEHGVHTXHQFHVRIDFWLRQVFDQRFFXU,IWKH
RSHUDWRUVXVSHFWVWKDWVRPHWKLQJKDVJRQHZURQJGXULQJXQORDGLQJRSHUDWLRQVWKH\WU\WRGLDJQRVHLWDQGGHWHUPLQH
WKH FRUUHFW UHVSRQVH:KLOH SHUIRUPLQJ D FRQWURO DFWLRQ KXPDQ HUURU FDQEH YLHZHG DV D GHYLDWLRQ IURPQRUPDO
SURFHGXUHRUDVDGHYLDWLRQIURPDUDWLRQDODQGHIIHFWLYHSURFHGXUHJLYHQWKHZRUNORDGDQGWLPLQJFRQVWUDLQWVIRUWKH
WDVNVWKDWPXVWEHSHUIRUPHG,QWKH67$03PRGHOZHDVVXPHWKDWWKHFRQWUROOHULVWKHWUXFNGULYHUZKRH[HFXWHV
WKH/3*WUDQVIHUSURFHVV)LJ

)LJ&RQWUROVWUXFWXUH
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3.2. Control structure: a sensor installed on the underground reservoir 
$WWKHSODQW/3*LVVWRUHGLQDQXQGHUJURXQGUHVHUYRLUDQGVDIHW\PHDVXUHVSUHYHQWDQ\ORVVRIFRQWDLQPHQW7KHVH
VDIHW\PHDVXUHVDUHHQIRUFHGE\DVRFLRWHFKQLFDOFRQWUROVWUXFWXUH,QWKHFDVHVWXG\ZHPRGHOOHGWKHOHYHORI/3*LQ
WKHXQGHUJURXQGUHVHUYRLU'HWHFWRUVDUHFRXSOHGZLWKDQDODUP9LVXDODQGDXGLEOHDODUPVDUHWULJJHUHGLIOHYHOVIDOO
EHORZDQGORDGLQJRSHUDWLRQVVWRSLHSXPSVVKXWGRZQDQGVDIHW\YDOYHVFORVH6LPLODUO\YLVXDODQGDXGLEOH
DODUPVDUHWULJJHUHGLIOHYHOVUHDFKRU,QWKHODWWHUWZRFDVHV/3*WUDQVIHURSHUDWLRQVWRILOOWKH
UHVHUYRLUVWRSLHFRPSUHVVRUVVKXWGRZQDQGVDIHW\YDOYHVFORVH,IWKHOHYHORIWKHUHVHUYRLUUHDFKHVDJHQHUDO
DODUPVRXQGVWKDWDXWRPDWLFDOO\DFWLYDWHVVDIHW\GHYLFHVDFURVVWKHVLWHQRWDEO\WKHFORVXUHRIVDIHW\YDOYHV)LJ

)LJ6LPXODWLRQRIUHVHUYRLUOHYHOGHWHFWRU
67$03LPSOHPHQWDWLRQLQ$Q\/RJLFVRIWZDUH
,QWKLVVHFWLRQZHSUHVHQWWKHLQWHJUDWLRQRI67$03LQWRWKHVLPXODWLRQWRRO:HDVVXPHWKDWWKHFRQWUROOHGSURFHVV
LVDQ/3*SODQWDQGWKDWDKXPDQFRQWUROOHUFDUULHVRXWFRQWURODFWLRQV&RQWURODFWLRQVFRQVLVWRIFRPPDQGVH[HFXWHG
E\WKHRSHUDWRURQWKHSK\VLFDOLQVWDOODWLRQ$Q\/RJLFVRIWZDUHZDVXVHGWRVLPXODWHHDFKVHTXHQFHRIFRQWURODFWLRQV
ZKLOHIHHGEDFNDOORZHGWKHRSHUDWRUWRXSGDWHWKHSURFHVVPRGHODQGFRQWURODOJRULWKP7KLVDSSURDFKDOORZHGXVWR
XQGHUVWDQGWKHEHKDYLRURIWKHV\VWHPRYHUWLPH
4.1. AnyLogic software 
$Q\/RJLF LV D PXOWLPHWKRG VLPXODWLRQ±PRGHOOLQJ WRRO GHYHORSHG E\ $Q\/RJLF >@ ,W LQFOXGHV D JUDSKLFDO
PRGHOOLQJ ODQJXDJH DQG DOORZV WKH XVHU WR H[WHQG VLPXODWLRQPRGHOV XVLQJ WKH -DYD SURJUDPPLQJ ODQJXDJH 7KH
VRIWZDUHLPSOHPHQWVYDULRXVFRQVWUXFWVVWRFNIORZGLDJUDPVDUHSURYLGHGIRUV\VWHPG\QDPLFVPRGHOOLQJVWDWHFKDUWV
DUHPRVWO\XVHGLQDJHQWEDVHGPRGHOOLQJWRGHILQHDJHQWEHKDYLRUDQGLQGLVFUHWHHYHQWPRGHOOLQJHJWRVLPXODWH
PDFKLQHIDLOXUHDFWLRQFKDUWVDUHXVHGWRGHILQHDOJRULWKPVDQGLQGLVFUHWHHYHQWPRGHOOLQJSURFHVVIORZFKDUWVDUHWKH
EDVLFFRQVWUXFWXVHGWRGHILQHSURFHVVHVLQGLVFUHWHHYHQWPRGHOOLQJ7KHODQJXDJHDOVRLQFOXGHVORZOHYHOPRGHOOLQJ
FRQVWUXFWVYDULDEOHVHTXDWLRQVSDUDPHWHUVHYHQWVHWFVKDSHVOLQHVSRO\OLQHVRYDOVHWFDQDO\WLFWRROVGDWDVHWV
KLVWRJUDPVSORWVHWFFRQQHFWLYLW\WRROVVWDQGDUGLPDJHVDQGH[SHULPHQWDOIUDPHZRUNV4LDQDQG<DKXL>@XVHG
WKHWRROWRHYDOXDWHDQDFFLGHQWHPHUJHQF\SUHSODQHQIRUFHGDIWHUDJDVSLSHOLQHOHDNDJH0HUFDQWLQL/RVFKPDQQDQG
&KRXUDTXL>@XVHGWKHWRROWRVLPXODWHWKHH[HFXWLRQRIWKHHPHUJHQF\SODQLPSRVHGRQDFKORULQHVWULSSLQJSODQWLQ
0DUVHLOOH)UDQFH)HQJ&KDRDQG+XL>@XVHG WKH WRRO WRPRGHODJDVHPHUJHQF\GLVSDWFKV\VWHPLQDQXUEDQ
HQYLURQPHQW
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,QWKLVFDVHWKHPRGHOVLPXODWHGWKHEHKDYLRURYHUWLPHRIDMRLQWHPHUJHQF\FRPPDQGV\VWHPIRUDQXUEDQJDV
HPHUJHQF\FRPPDQGFHQWHUDQGRWKHUGHSDUWPHQWV7KHV\VWHPSURYLGHGFRPPXQLFDWLRQGHFLVLRQPDNLQJFRPPDQG
DQGHPHUJHQF\GLVSDWFKIXQFWLRQV,WZDVFDSDEOHRIUDSLGO\GUDZLQJXSWKHPRVWHIIHFWLYHHPHUJHQF\SODQDQGZDV
ZLGHO\XVHGLQVLPXODWLRQH[HUFLVHV:HXVHGDFRPELQDWLRQRI67$03DQG$Q\/RJLFVRIWZDUHWRPRGHOVLPXODWH
WKHDFWLRQVRIRSHUDWRUVDWWKHVLWHDQGGHWHFWSRVVLEOHGHYLDWLRQV,QWKHIROORZLQJH[DPSOHWKH'LVFUHWH(YHQW'(
SDUDGLJPPDGH LW SRVVLEOH WR VLPXODWH WKHPRYHPHQWV RI D WUXFN WKDW LV VWRSSHG E\ DQ RSHUDWRUZKR FDUULHV RXW
LGHQWLILFDWLRQDQGFRQWUROSURFHGXUHV$IWHUWKHVHFKHFNVWKHWUXFNHQWHUVWKHVLWHDQGUHDFKHVWKH/3*WUDQVIHUVWDWLRQ
8QORDGLQJZDVVLPXODWHGIRUDWRQWDQNZKLOHDORDGLQJRSHUDWLRQZDVVLPXODWHGIRUD±WRQV¶WDQN
4.2. Modelling and simulating operator control actions 
$PXOWLPHWKRGSDUDGLJPZDVXVHGWRPRGHOXQORDGLQJRSHUDWLRQV7KUHHDSSURDFKHV6\VWHP'\QDPLFV6'
$JHQW0RGHO$0DQG'LVFUHWH(YHQW'(VLPXODWLRQVUHSUHVHQWHGWKHSHUIRUPDQFHRIRSHUDWRUVRYHUWLPH6'
VLPXODWHG/3*WUDQVIHUVWRIURPWKHUHVHUYRLUDQGWDQNV7KH$0VLPXODWLRQUHSUHVHQWHGWKHGULYHU¶VOHYHORIWUDLQLQJ
DQGRSHUDWLRQDOFRPSHWHQFH7KLVPRGHODOVRVKRZHGWKHDYDLODELOLW\RIUHVRXUFHVWDQNVDWWHQGDQWVDQGXQORDGLQJ
VWDWLRQV 7KH '( VLPXODWHG WKH PRYHPHQWV RI PRELOH DJHQWV LH GULYHUV WUXFNV DQG DWWHQGDQWV DQG WUDQVIHU
SURFHGXUHV7KH ILUVW VLPXODWHGSURFHGXUHZDV WKH LGHQWLILFDWLRQRIGULYHUV DQG WDQNVDW WKH VLWH HQWUDQFH DQG WKH
JUDQWLQJRI DQDXWKRUL]DWLRQ WRSHUIRUP WKH WUDQVIHU7KLVSURFHGXUH WDNHV±PLQXWHVDQGYHULILHV WKH IROORZLQJ
SRLQWV
• 7KHGULYHULVDOORZHGWRRSHUDWHDQGKDVIROORZHGWKHWUDLQLQJUHODWHGWRVDIHW\DQGSUHYHQWLRQRIWKHULVNV
LQKHUHQWLQKDQGOLQJ/3*
• 7KHWDQNKDVEHHQDXWKRUL]HGDQGLVFRPSOLDQWZLWKWKHSUHVFULSWLRQVRIWKH(XURSHDQ$JUHHPHQW&RQFHUQLQJ
WKH,QWHUQDWLRQDO&DUULDJHRI'DQJHURXV*RRGVE\5RDG$'5>@
• 7KHWDQNFRPSOLDQFHZLWKUHJXODWRU\FRQWUROVDQGWKHFRQGLWLRQRIWKHYHKLFOHDUHFKHFNHG
• 7KHWUDQVDFWLRQKDVEHHQDXWKRUL]HGDQGTXRWDVDUHUHVSHFWHG
,IDOORIWKHVHSRLQWVDUHYDOLGDWHGDQXQORDGLQJDXWKRUL]DWLRQLVLVVXHGDQGWKHGULYHUPRYHVWRWKHWUDQVIHUVWDWLRQ
2WKHUZLVH WKHGULYHU LVGLUHFWHG WR WKH H[LW ,Q WHUPVRI VDIHW\ LW LV FUXFLDO WR FKHFN WKDWZKDW HQWHUV WKH V\VWHP
FRPSOLHVZLWK VWDQGDUGVDQG OHJLVODWLRQ1HYHUWKHOHVV WKLV LVQRW D VXIILFLHQW FRQGLWLRQ WRHQVXUH WKDW WKH WUDQVIHU
RSHUDWLRQZLOOEHXQHYHQWIXO$VVXPLQJWKDWDOORIWKHDERYHFRQGLWLRQVKDYHEHHQPHWWKHIROORZLQJVFHQDULRVFDQ
RFFXU
• ,IWKHGULYHULVWUDLQHGDQGH[SHULHQFHGWKH\XQGHUWDNHWKHWUDQVIHURSHUDWLRQWKHPVHOYHV
• ,IWKHGULYHULVWUDLQHGEXWLQH[SHULHQFHGWKHDWWHQGDQWVXSHUYLVHVWKHP
• ,IWKHGULYHULVXQWUDLQHGWKHDWWHQGDQWXQGHUWDNHVWKHRSHUDWLRQDQGWKHGULYHUZDWFKHV
,IWKHDWWHQGDQWLVRFFXSLHGRUDEVHQWDQLQH[SHULHQFHGGULYHUPD\XQGHUWDNHWKHRSHUDWLRQXQDFFRPSDQLHG7KLV
VFHQDULRFRUUHVSRQGVWRDORVVRIFRQWURORYHUWKHV\VWHPGXHWRODFNRIUHVRXUFHV,QSUDFWLFHDWWHQGDQWVDUHERWK
DJHQWVDQGUHVRXUFHVIRUGULYHUV7KLVVFHQDULRDVH[SODLQHGODWHULQGHWDLOFRUUHVSRQGVWRDGHIHFWPRGH7KHVRIWZDUH
WRRO PRGHOV WKH V\VWHP DQG LWV SRWHQWLDO RXWSXWV 'HSHQGLQJ RQ WKH RXWFRPH RI WKH LGHQWLILFDWLRQ FKHFNV
DWWHQGDQWVUHVRXUFHVDQGWKHWUDQVIHUVWDWLRQDUHLQFOXGHGZKLOHRWKHUSDUDPHWHUVLHWKHSUREDELOLW\RIDQHUURUDQG
WKHWLPHWKHHUURULVFRUUHFWHGFDQYDU\
7KHPXOWLDJHQWV\VWHPFDQGLIIHUHQWLDWHGULYHUVDFFRUGLQJWRWKHLUOHYHORIWUDLQLQJWKHGULYHUVFDQEHOLQNHGWRD
V\VWHPRIGLVFUHWHHYHQWVWKDWVLPXODWHWKHPRYHPHQWVRIWUXFNVRQWKHVLWH7KHOLQNEHWZHHQWKHWZRSDUDGLJPVLV
JHQHUDWHGE\DQµ,GHQWLILFDWLRQ¶IXQFWLRQDOORFDWHGWRDWWHQGDQWVZKRDUHHLWKHUDJHQWVRUUHVRXUFHV7KHJRDOLVWROLQN
WKH'(DQG$0VLPXODWLRQVWKURXJKDIXQFWLRQDOSDUDGLJP7KHVLPXODWLRQDVVXPHVWKDWDWUXFNHQWHUVWKHVLWHDQG
ZDLWVDW WKH VWRSVLJQ)RXUSRWHQWLDO VFHQDULRVFDQ IROORZ WKHGULYHURSHUDWHVDORQH WKHDWWHQGDQWVXSHUYLVHV WKH
GULYHUWKHDWWHQGDQWRSHUDWHVDORQHRUWKHGULYHUH[LWVDQGQRRSHUDWLRQWDNHVSODFH&RQVHTXHQWO\WKHPRGHOUHGLUHFWV
WKHGULYHUZLWKRUZLWKRXWWKHDWWHQGDQWWRZDUGVHLWKHUWKHXQORDGLQJVWDWLRQRUWKHH[LW,IWKHDWWHQGDQWLVEXV\DQG
FDQQRWDFFRPSDQ\WKHGULYHUWKHGULYHULVDEOHWRDFFHVVWKHWUDQVIHUVWDWLRQDORQH7KLVUHSUHVHQWVDQHJDWLYHORVVRI
FRQWUROVFHQDULR
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4.3. Model development 
7KHVROXWLRQVDSSOLHGE\WKHVLWHZHUHPRGHOOHGE\FRPELQLQJWKHVHWKUHHSDUDGLJPV6''(0$7KHVLWHLV
WKHVDPHLQDOOVFHQDULRVZKLOHDUHOD\RIWDQNVLVXQORDGHG
Simulation of the LPG transfer procedure 
7KH WUDQVIHUSURFHGXUH VSHFLILHV WKH WDVNV WKDWPXVWEHFDUULHGRXWXQGHU WKH VXSHUYLVLRQRI WKHDWWHQGDQW7KH
IROORZLQJORDGLQJSURFHGXUHPXVWEHUHVSHFWHGFDOLEUDWHWKHYHKLFOHYHULI\WKHSRVLWLRQRIYDOYHVHQVXUHWKDWWKH
VXUJHFRQWUROV\VWHPLVUHDG\FRQQHFWWKHWUXFNWRDJURXQGLQJGHYLFHLQRUGHUWRSUHYHQWWKHULVNRIHOHFWULFVKRFN
DQGZDLWIRUDYLVXDOFRQILUPDWLRQWKDWWKHFRQQHFWLRQLVHVWDEOLVKHGFRQQHFWDGHYLFHWKDWFRQWUROVOHYHOVLQWKHWDQN
FRQQHFWWKHVDIHW\GHYLFHWKDWFRXSOHVWKHWUXFNWRWKHIDFLOLW\FRQQHFWWKHQR]]OHWRWKHIOXLGILOOSRUWRSHQWKHILOOLQJ
YDOYHRIWKHWUXFN¶VWDQNFKHFNWKDWFRQQHFWLRQVDUHVHDOHGRSHQWKHYDOYHVRQWKHORDGLQJDUPVWDUWWKHSXPSDQG
SUHVVWKHFKDUJLQJEXWWRQIRUORDGLQJ)LQDOO\WKHORDGHGZHLJKWLVGLVSOD\HG7KHORDGLQJSURFHGXUHHQGVZKHQWKH
VHWSRLQWLVUHDFKHGDQGDQDXWRPDWLFVKXWGRZQLVLQLWLDWHG9DOYHVFORVHDQGSXPSLQJVWRSVWKLVPDUNVWKHEHJLQQLQJ
RI WKH GLVFRQQHFWLRQ SKDVH 7KH RSHUDWRU FORVHV WKH WDQN¶V LQWHUQDO YDOYH DQG WKH YDOYH RQ WKH ORDGLQJ DUP DQG
GLVFRQQHFWVRWKHUGHYLFHV
7KH'(VLPXODWLRQPRGHOVWKHWDVNVH[HFXWHGE\WKHRSHUDWRUDQGDXWRPDWHGFRQWUROVLQWKHWKUHHPDMRUSKDVHVRI
WKHRSHUDWLRQWKHORDGLQJSURFHGXUHWKHHQGRIORDGLQJSURFHGXUHDQGWKHGLVFRQQHFWLRQSURFHGXUH,WVLPXODWHVWKH
WLPHVSHQWSHUIRUPLQJHDFKWDVNWRJHWKHUZLWKFRQWUROZHDNQHVVHVUHVXOWLQJIURPRSHUDWRUHUURUHJWDVNPRQLWRULQJ
VFKHGXOLQJRULVVXLQJDQXQVDIHFRQWUROFRPPDQG7KH6'VLPXODWLRQVHHWKHVWRFNIORZGLDJUDPVKRZQLQ)LJ
PRGHOVWKHWUDQVIHURI/3*IURPWKHUHVHUYRLUWRWKHVPDOOWUDQVSRUWWDQN0RUHSUHFLVHO\WKH'(VLPXODWLRQPRGHOV
WDVNVZKLOH6'VLPXODWHVIORZV7ZR$0VLPXODWLRQVDUHXVHGIRUWKHORDGLQJRSHUDWLRQ)LJ7KHILUVWSURYLGHVD
QRWLILFDWLRQRIWKHVWDWXVRIWKHRSHUDWLRQ7KHVHFRQGSURYLGHVLQIRUPDWLRQDERXWWKDWVWDWXVRIWKHVWDWLRQDIWHUHDFK
SURFHGXUHHJRSHUDWLRQDOVXEMHFWWRZHDUDQGWHDUGDPDJHGRUXQGHUJRLQJPDLQWHQDQFH7KHVLPXODWLRQDVVXPHV
WKDWWKHUHDUHDODUJHQXPEHURIXQORDGLQJRSHUDWLRQVDQGXQVDIHFRQWUROFRPPDQGVFDQEHLVVXHGLQFOXGLQJPLVWDNHV
E\WKHRSHUDWRU7KLVPDGHLWSRVVLEOHWROLQNWKHVFHQDULRVXVHGLQWKHPRGHOWRDQDJHQW

)LJ6'$0DQG'(VLPXODWLRQSDUDGLJPV
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Process control simulation model 
2QHRIWKHPDMRUSUREOHPVLVWRPDLQWDLQFRQWURORIWKHSK\VLFDOSURFHVV7KH67$03PRGHODVVXPHVWKDWERWK
WKHSURFHVVDQGHQYLURQPHQWDUHG\QDPLFDQGFRQVHTXHQWO\FRPSOH[7KLVFRPSOH[LW\LVDGGUHVVHGDWWKHOHYHORI
WKH RUJDQL]DWLRQ HJ WKH GHVLJQ RI ZRUNLQJ HQYLURQPHQWV VRFLDO VWUXFWXUHV DQG WHFKQRORJLFDO REMHFWV DQG WKH
LQGLYLGXDO 7KHPRGHO VLPXODWHV YDULRXV ORVV RI FRQWURO VFHQDULRV VXJJHVWHG E\ 67$03 LH LQFRUUHFW RU XQVDIH
FRPPDQGVDUHJLYHQFRUUHFWLRQVDUHQRWPDGHFRPPDQGVDUHJLYHQWRRHDUO\RUWRRODWHRUDFRQWUROLVVWRSSHGWRR
VRRQ RU DSSOLHG IRU WRR ORQJ 7KH RSHUDWRU SHUFHLYHV LQIRUPDWLRQ DERXW WKH FRQWUROOHG SURFHVV HLWKHU GLUHFWO\ RU
LQGLUHFWO\YLDVHQVRUVQRWLILFDWLRQVDQGDOHUWV$ODFNRILQIRUPDWLRQLVPRGHOOHGE\DSUREDELOLW\WKDWDOHUWVDUHQRW
WULJJHUHGPHDQLQJWKDWLPSRUWDQWLQIRUPDWLRQLVQRWUHFHLYHGDWWKHDSSURSULDWHWLPHWKLVFRUUHVSRQGVWRWKHW\SHVRI
IHHGEDFNIDLOXUHVLQFOXGHGLQWKH67$03PRGHO
:HDOVRVLPXODWHGDVFHQDULRZKHUHLGHQWLILFDWLRQDQGDXWKRUL]DWLRQSURFHGXUHVDUHQRWSURSHUO\IROORZHGDQGWKH
RSHUDWLRQLVSHUIRUPHGLQGHJUDGHGFRQGLWLRQV,QWKLVVFHQDULRDQXQLGHQWLILHGGULYHUDFFHVVHVWKHWUDQVIHUVWDWLRQ
&RQVHTXHQWO\LQIRUPDWLRQVXFKDVWKHGULYHU¶VOHYHORIWUDLQLQJDQGWDQNHUFRPSOLDQFHPD\EHPLVVLQJZKLFKPD\
OHDGWRLQDSSURSULDWHFRQWURODFWLRQV$QRWKHUVFHQDULRWDNHVLQWRDFFRXQWWLPHFRQVWUDLQWVIRUXQORDGLQJRSHUDWLRQV
RSHUDWRUVDUHH[SHFWHGWRWDNH±PLQXWHVWRORDGDQG±PLQXWHVWRXQORDG+RZHYHUPLVWDNHVFDQDGGVHYHUDO
H[WUDPLQXWHVZKLFKPD\OHDGDJHQWVWRUXVKWKHH[HFXWLRQRIWKHSURFHGXUHZLWKLQWKHVFKHGXOHGWLPH$ODFNRI
UHVRXUFHVFDQEHPRGHOOHGE\DWUDQVIHUVWDWLRQWKDWLVRXWRIVHUYLFHHJIRUPDLQWHQDQFHRUUHSDLURUWKHDEVHQFH
RIDQDWWHQGDQW7KLVFDQOHDGWRERWKDODFNRILQIRUPDWLRQHJQRWDOOGULYHUVFDQEHLGHQWLILHGDQGDODFNRIWLPH
HJGULYHUVIHHOWKDWWKH\PXVWRSHUDWHPRUHTXLFNO\ZKHQWKHUHLVRQO\RQHVWDWLRQDYDLODEOH
&RQFOXVLRQ
7KLVSDSHUSURSRVHGDQDSSURDFKWRWHVWLQJDQGHYDOXDWLQJWKHVDIHW\UHSRUWIRUD)UHQFK/3*IDFLOLW\7KH67$03
PRGHOZDVXVHG WR VLPXODWH FRQWUROPHDVXUHVDQG WKH LPSOHPHQWDWLRQRI VDIHW\GLUHFWLYHVSURSRVHG LQ WKH UHSRUW
'LUHFWLYHVDQGFRQVWUDLQWVDUHOLVWHGDWHDFKOHYHORIWKHV\VWHP+HUHZHSUHVHQWHGRQHFRQWUROVWUXFWXUHLQRUGHUWR
XQGHUVWDQG LQWHUDFWLRQVEHWZHHQ WKHFRQWUROOHUDQG WKHSK\VLFDOSODQW7KHV\VWHPZDVVLPXODWHGXVLQJ$Q\/RJLF
VRIWZDUHWRXQGHUVWDQGWKHEHKDYLRURYHUWLPHRIDIURQWOLQHRSHUDWRUZKRIROORZVZULWWHQSURFHGXUHVWKDWFRPSO\
ZLWKWKHVDIHW\UHSRUW¶VUHTXLUHPHQWV7KHFDVHVWXG\LPSOHPHQWHGWKH67$03DSSURDFKWRVLPXODWHDG\QDPLFFRQWURO
VWUXFWXUH DQG FRPPXQLFDWLRQ FKDQQHOVEHWZHHQ FRQWUROOHUVZKR DUH UHTXLUHG WR HQIRUFH GLUHFWLYHV7KLV DSSURDFK
DOORZHGXVWRHYDOXDWHWKHVHTXHQFHVRIFRQWUROWDVNVH[HFXWHGE\WKHRSHUDWRULQDVFHQDULRZKHUHHDFKFRPPDQG
FRPSOLHV ZLWK VDIHW\ GLUHFWLYHV 7KH VLPXODWLRQ PDGH LW SRVVLEOH WR DVVHVV ZKHWKHU FRQWURO WDVNV DUH SHUIRUPHG
FRUUHFWO\LQWHUPVRISUHSDUDWLRQDQGH[HFXWLRQWLPHDQGSULRULWLHVLQDV\VWHPWKDWFKDQJHVRYHUWLPH&RPELQLQJWKH
67$03PRGHOZLWKDVLPXODWLRQWRROPDGHLWSRVVLEOHWRVLPXODWHPXOWLVHTXHQFLQJDQGWKHVFKHGXOLQJRIFRQWURO
DFWLRQVGHSHQGLQJRQWKHVWDWXVRIWKHV\VWHP7KLVKDVWKHEHQHILWWKDWLWLVSRVVLEOHWRPRGLI\WKHFRQWURODOJRULWKP
DQGVLPXODWHWKHZD\VDIHW\GLUHFWLYHVFDQFKDQJHLQFODVVLFDORSHUDWLRQDOSKDVHV
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